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(57) Abstract 

A multi-wavelength surgical laser apparatus (1) of improved construction employs a fluid-filled stimulated Raman scatter- 
ing cell (lb, 20) in an optical feedback path of a pump laser (la, 10) having a power in a range suitable for surgery, and drives the 
Raman cell at a high repetition rate in a manner to produce a laser output at a substantially shifted wavelength at a power com- 
mensurate with that of the pump laser. In a preferred system, the relative proportions of pump light and Raman scattered light 
are varied to achieve a desired cutting or coagulating action. Preferably, the pump laser is operated at a pulse repetition rate 
above Ave hundred Hz. The fluid Raman medium is pumped across the optical axis of the cell. The flow system effectively 
doubles the Raman conversion efficiency and permits high power output while lowering the Raman lasmg threshold. 
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Backqronnrl of Tnt,^r,^^>.^ 

The present invention relates to surgical 
apparatus for the localized treatment of tissue by 
the application of light energy, and particularly to 
the area of laser surgery wherein tissue is cut, 
cauterized or otherwise subjected to laser light. 

In such system there is a complicated set of 
design constraints imposed, on the one hand, by the 
available systems for generating laser light at 
particular wavelengths and powers suitable for 
different surgical applications, and, on the other 
hand, by the characteristics of probes or instruments 
for delivering the light to a surgical site and 
applying it to cut, coagulate or otherwise treat or 
analyze tissue. 



In broad terms, the efficiency with which 
light of a given wavelength is absorbed by a 
particular tissue determines its depth of 
penetration, and thus the degree to which a pulse of 
such light will primarily cause either a superficial 
cutting action and tissue ablation without heat 
transfer to underlying tissue, or will cause a 
heating action to a depth effective to cauterize 
tissue. Both of these actions are generally desired 
for surgical purposes, thus requiring light of two 
substantially different wavelengths, at relatively 
high average power levels, in addition, light of 
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different wavelength at lower powers may also be 
desirable for visualization or certain forms of 
analysis/ jparticularly in surgical arenas where the 
light ifi applied by endoscopic instrument. 

The probes or instruments for delivering 
such light to a tissue site must guide the light with 
miniiaal losses from the laser source, and minimal 
parasitic heat generation. Two basic structures have 
eyolVed to achieve this purpose, in one, a highly 
reflective metallic tube structure, fabricated as an 
articulated arm, guides light by internal reflection 
;to a. probed end which is aimed at the tissue. In the 
Other, fiber optics serve as the light guide, 
allowling. greater flexibility in the delivery of light 
to, and -manipulation of, the surgical probe. Hybrid 
delivery systems are also possible, although for 
particular wavelength bands absorption by the fiber 
may preclude the, iase of the fiber optic approach. 

These constraints have meant, in practice, 
that a multi-wavelength surgical apparatus requires 
several distinclfe laser light sources, with precision 
alignment r^nd coupling of the different sources into 
a coi^GBbn wave^fuide or probe structure, and the 
provision of a number of different controls to select 
working wavelength and set the desired power. These 
factors affect the production cost, the field 
reiiaj>ility and the ease of use of such systems. 
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.Summarv of tha Tr.v^T,^ir^» 

Accordingly, it is an object of the present 
invention to provide a multi-wavelength surgical 
laser apparatus of improved construction. 

This is accomplished according to a 
principal aspect of the invention by providing a 
fluid-filled stimulated Raman scattering cell in an 
optical feedback path of a pump laser having an 
output power in a range suitable for surgery, and 
driving the Raman cell in a manner to produce a laser 
output at a substantially shifted wavelength at a 
power commensurate with that of the pump laser. The 
relative proportion of pump and Raman scattered light 
are varied to achieve a desired cutting or 
coagulating action. In a preferred embodiment, the 
pump laser is operated at a pulse repetition rate 
between 200 and 3000 Hz, and means are provided to 
effect flow of the fluid medium across the optical 
axis of the Raman cell, effectively eliminating 
thermal lensing effects from the relaxation of 
stimulated molecules and achieving high Raman 
conversion efficiency. Lenses at the end of cell 
concentrate the pump laser output in a narrowed 
region of high intensity midway along the cell, with 
this driving arrangement the threshhold power to 
achieve Raman lasing is substantially lowered and a 
common Hd:YAG laser may drive the system with high 
efficiency at average power levels in the range of 
approximately one to thirty watts. 

A prototype system includes a laser source 
with a hydrogen-filled Raman cell operated at 5-30 
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atmospheres, which was driven at a pulse rate of up 
to two KHz by a ten watt NdiYAG laser at 1.06 
microns, to produce an output at approximately 35 
percent o£ the drive photons at 1.9 microns. Systems 
employing such a laser include a fiber for conducting 
output light to a surgical probe, and preferably 
include means for selectively varying the relative 
amounts of pump and Stokes radiation coupled into the 
fiber. Light generated at visible wavelengths by 
anti-Stokes processes in the Raman cell provides 
auxiliary beams for targeting or observation purposes. 

Brief DescriptioTi nf the Drawin«B 

These and other features of the invention 
will be understood from the following disclosure, the 
teachings of which will be read in light of the 
background technology as understood by a person of 
ordinary skill in the art, and the illustrations of 
representative enflbodiments , wherein: 

Figure 1 shows a surgical laser system 
according to the present invention; 

Figure 2 shows the construction of a 
preferred embodiment of a surgical laser source 
according the invention; 

Figure 3 is a graph showing measured Stokes 
power as a fuiiction of pump laser pulse frequency for 
a static and a cross-flow Raman cell; and 

Figure 4 shows the construction of a 
cross-flow Raman cell used in the embodiment of 
Figure 2. 
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pgtgileri Description of invani-i nn 

A surgical system according to the invention 
has a laser source 1 including a pump laser la and a 
fluid Raman lasing cell lb which operates to produce 
a relatively high average power laser beam at two or 
more substantially different wavelengths for 
surgery. Laser 1 is connected by a fiber light guide 
2 to a surgical probe 3 which is illustrated 
schematically. Probe 3 may be a hand-held laser 
scalpel for external use, or may be a more 
complicated device for use in blood vessels or body 
passages or cavities, wherein the light from fiber 2 
is guided to the tip of the probe, and the probe 
further contains various endoscopic, tip steering, 
beam forming or material removal or aspirating means 
or tissue analysis devices. The elements of a probe 
are considered conventional, and are not described 
further herein. A controller 4 selects the power, 
duration and wavelength of light supplied by source 1 
to the probe, and a driver module 5 operates the pump 
laser in a manner to drive the Raman cell at a high 
average power level. 

Figure 2 shows in more detail the 
construction employed in one prototype of the laser 
source, in this embodiment, pump laser la was a 
solid state Md.-YAG laser which although subject to 
power drop-off in the preferred driving arrangement 
described below was operated to produce an average 
power output of 4-6 watts at a wavelength of 1.06 
microns. The Raman cell was a gaseous hydrogen Raman 
cell which was arranged in a direct feedback path 
with the pump laser, and was excited by pulsed 1.06 
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micron li^ht from the pump laser to emit stimulated 
Ramah scattered light at 1.9 microns. The driving 
and control system, discussed further below, pumped 
the cell to produce a light output at a power level 
comparablei to that of the pump laser. 

. It has long been known that certain gaseous 

materials, such as deuterium, hydrogen, carbon 
dio3C|.de anid others can undergo stimulation of their 
internal energy modes by laser light to emit coherent 
light of a shifted frequency. A dual wavelength 
source consisting of a Raman cell driven by a pump 
laser source has previously been proposed as a way of 
producing a wavelength output shifted from that of a 
fixed source. Research has shown, however, that the 
peak power intensity threshhold required for a pump 
laser to initiate Raman lasing (SRS) emission even in 
a reiatively active Raman scattering material such as 
hjrdrogen Is in the tens or hundreds of thousands of 
kilowatts. The lowest threshholds have been 
dempastrated in special cases, e.g., for the 
principal TEMob mode using specialized wave guiding 
apparatus to achieve the greatest conversion 
ef|i6iency. For multimode beams the threshholds are 
hi^er, and this has effectively ruled out the 
possibility of achieving a surgically useful level of 
output from a fluid Raman cell driven by any of the 
Gommpn solid state pump lasers, such as YAG lasers 
Whici^ operate at an average power level of under 100 
watts. 

Applicant has now overcome these limitations 
and achieved a sustained output from a gas-filled 
Raman cell at an average power level suitable for 
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surgery using an inexpensive and relatively small 
Nd:YAG laser of approximately fifteen watts average 
power. The fluid-filled Raman cell is made to 
achieve an effective power output by switching the 
pump laser at a high repetition rate and focusing 
light along a feedback path of the pump laser into an 
interaction region within the Raman cell while a flow 
of fluid is provided across the interaction region. 
The lasing threshhold is lowered while the Stokes 
efficiency is raised to a level such that a watt or 
more of Stokes power is readily generated with the 
low power pump laser. Such Raman efficiency has 
previously been possible with pump lasers having an 
output intensity one or two orders of magnitude 
higher. 

In the prototype experimental arrangement 
shown in Figure 2, the pump laser la includes a 
Nd:YAG rod 10 six millimeters diameter by ten 
centimeters long which is pumped by a single Krypton 
f lashlamp (not shown) . An acousto-optic Q-switch 12 
is controlled by the driver 5 (Figure 1) to pulse the 
laser at repetition rates of up to several 
kilohertz. The Raman cell 20 is placed in a direct 
feedback path of the pump laser by an optical design 
shown as an intracavity three mirror dual laser 
cavity configuration. 

Two mirrors. Mi and M3, form an oscillator 
cavity for the Nd:YAG pump radiation. These mirrors 
have a high reflectivity (Rp > 99.9%) dielectric 
coating at the 1.06 micron pump wavelength. A third, 
intermediate mirror M2 is placed such that mirrors M2 
and M3 confine the Stokes radiation at 1.9 microns of 
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thQ^.|lamaii cell 20. Windows 21a, 21b close the cell. 
The Windows are jtransmissive at all relevant 
wavelengths, and serve to contain the high pressure 
Raman fluid medium. The intracavity mirror, M2, is 
coated for high transmittance at 1.06 microns (Rp < 
b.5%) and high reflectivity at 1.9 microns (Rg > 
S9hy, ■ 0itjoi is used to output couple the Stokes 
radiation^ and in different embodiments its 
r r^fl^ctiv^y at 1.9 microns is varied, with different 

optical coatings, to achieve a desired percentage 
transmittance of that wavelength. Two identical 
intracavity lenses 14, 16 are placed at the ends of 
the Raman cell 20, and serve to focus the light in 
the cavity into a relatively small region at the 
center of the cell. The intracavity lenses have a 
focal length of ten centimeters, an f -number of 
approximately flO-fSO, and are placed in a nearly 
concentric configuration, thus focusing all radiation 
passing between t-he mirrors M2 and M3 into a small 
(under approxin^ately one centimeter long) segment at 
center of the Raman ciall. Both the intracavity 
lenses 14, 16 and Raman cell windows 21a, 21b are 
antireflectiott coated to achieve less than 0.25% 
reflectivity per surface at both I.O6 and 1.9 microns 
wavelengths. Finailly, a closed loop flowing gas 
syst^ circulates hydrogen at 5-20 atmospheres 
through the cell 20 across the optical axis at linear 
flow velocities of about 200 cm/sec. The total 
cavity l^gth is about one meter. 

Using the above laser source configuration, 
;the energy per 150 ns pulse of the Nd:YAG laser at a 
repetition frequency of 1 kHz was determined and the 
\- Raman cell was then filled with hydrogen. Using a 
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Molectron P5-01 fast pyroelectric detector and a 
Tektronix 7904 500 Mhz oscilloscope, the temporal 
pulse shapes of the pump and the Stokes radiation 
were recorded. The beam quality was evaluated for 
both the pump and the Stokes beams by measuring the 
spot size focused from the beam by an extracavity 
lens, and comparing it to the size of a theoretically 
calculated diffraction-limited beam of the same 
aperture. Finally, the average output Stokes power 
was measured as a function of repetition rate for 
both a static and a flowing fluid in the cell. 

A detailed consideration of theoretical 
models as well as measurements on pump laser and 
stimulated Raman emissions was undertaken for the 
experimental system shown in Figure 2, with different 
mirrors M3 substituted. The mirror M3 was highly 
reflective at the pump wavelength, and was coated to 
provide a preselected reflectance Rg at the Stokes 
wavelength between 3% and 90% (rs = 10%, 64% or 
97%). It thus served as a selected ratio output 
coupler for the Stokes wavelength beam, it will be 
understood that other arrangements can be provided in 
the light feedback loop to variably couple different 
proportions of the pump and the Raman beams out of 
the laser into the fiber 2 (Figure 1). For example, 
element M3 may be a Fabry-Perot etalon which is 
continuously adjustable to vary the light of each 
wavelength coupled out of the laser cavity. 

Using such a configuration to explore Stokes 
conversion efficiencies at a repetition rate of 100 
Hz with a 150 ns pump pulse, applicant observed a 
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shorter, approximately 100 ns. Stokes pulse, with a 
peak conversion efficiency occurring when mirror M3 
coupled approximately 30-40% of the Stokes energy as 
the output. Elementary observations on pump and 
Stokes beam quality also revealed that the Raman cell 
was operating to clean up the laser beam, by forming 
a Stokes beam of better quality than the pump beam as 
many modes- of . the solid state laser excited the 
stokes TEOoo mode. The result was a Stokes beam 
capable of better focusing, thus enhancing its 
usefulness for fiber optic applications. Measurements 
on the beams indicated that while the multimode pump 
laser beam had under approximately twenty percent of 
its power in the TEMqo mode, the Stokes output beam 
had over ninety percent of its power in the TEMqo 
mode. Futfeher, the TEMqo absolute power level in the 
Stokes beaia exceeded that in the pump beam. 

M the pulse repetition rate was increased 
the total average power increasingly departed from 
being linear in repetition rate. The dashed line in 
Figure 3 represents a computer-modeled calculation of 
Stokes output power with frequency, without any flow 
of gas through the Raman cell. The Raman-active 
central region of the cell is subject to extreme 
thermal gradients. The resulting variation of 
refractive^index disrupts the focusing of light into 
the center of the cell and causes the significant 

in efficiency. The effects of this 
thfenaaily-iiiduced beam scattering or "thermal 
lensij^g" are modeled in the dashed-line graph. 
Figure 3 also shows the computer-modeled Stokes laser 
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power (solid line) in watts, as a function of the 
Q-switching rate. The power drop-off at Q-switching 
frequencies of the pump laser above 2000 Hz is 
primarily due to the .25 millisecond fluorescence 
lifetime of the Nd:YAG crystal at the 1,06 micron 
pump frequency, and the consequent lowering of 
inversion population at higher frequencies. 

The experimental data points indicated by 
crosses were measured for a Raman cell filled with a 
stationary medium, and they closely fit the modeled 
Raman drop-off data, rising only to about one and a 
half watts at two kilohertz. Finally, the 
experimental data points indicated by square boxes 
were measured when a flow of the Raman fluid through 
the cell was maintained to remove from the optical 
path a portion of that fluid which had been excited 
by the previous pump pulse. The stokes output 
remained linear well above the modest 300 Hz rate at 
which the stationary fluid cell degraded. While a 
drop in per-pulse efficiency above one kHz was noted, 
as compared with the computed curve (solid line) this 
IS attributed to the limited flow rate achieved by 
the experimental flow mechanism, as described below. 

Figure 4 shows the overall construction of 
the cross-flow Raman cell 20 used in the above 
experiments. The cell 20 was filled with gaseous 
hydrogen maintained at a pressure between ten and 
twenty atmospheres, and was part of a closed fluid 
circulation system 40 having as basic element a 
reservoir/fan housing 50, the Raman cell 20, and 
connecting conduits 42 all connected in a fluid flow 
loop. 
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Reservoir/fan housing 50 is formed of two 
fliaij-sealable separable half drums 51a, 51b, with an 
eieclrical feed-through 52 for an electric 
circulating fan (not shown) located in half drum 
51a. Preferably vanes or baffles are provided in the 
flow path through the reservoir to enhance contact of 
the circulating gas with the housing and promote 
thermal conduction from the gas. In this aspect, the 
housing, serves to dissipate heat from the circulating 
ga^ to the external environment. 

■ ,y .■ The body of the Raman cell 20 is formed as a 
dross of ^5 centimeter OD stainless steel conduit, 
with an axial ly oriented tubular member 30 having its 
end^^^losed by windows 21a, 21b constituting the 
l.a^g cell as shown in Figure 2, and transversely 
^ri^ted conduit branches 32a, 32b joined at the 
center pf the cell. . The conduits 42 are welded to 
.the ;j|ross conduits at 43, closing the circulation 
■"^op/ and a slidable o-ring seal structure is 
provided at the junction of a conduit 42 with housing 

S^'^^"''*^ disassembly of the housing. Various 
^S^^® couplings, seals and packing arrangements may 
fae-u^edf^at any of the junctions, and are not 
specifically illustrated. One or. more valved filler 
portf may^ be provided, preferably in the housing 50, 
for Evacuating and filling the system. The fluid 
circ|lating fan is selected to provide a flow rate of 
approximately 500 cc/sec, thus providing a gas 
croB^rfloW.at a speed in excess of 150 cm. /sec at the 
focal region in the center of cell 20. 
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Applicant found that when the above 
described system was operated at a fluid pressure of 
approximately ten atmospheres, the system produced a 
significant amount of cars radiation at .737 and .534 
microns, suitable for laser targeting and tissue 
observation. 

In the prototype system, the focal region of 
the cell provided an interaction region of 
approximately one millimeter diameter or less in 
which active Raman laser processes occurred. The 
above flow rates were effective to fully replace the 
medium directly in the excitation path at pump laser 
repetition rates up to about one kiloherz, but as the 
repetition rate was raised beyond that frequency, the 
thermal diffusion rate of the gaseous hydrogen 
allowed an increasingly significant amount of gas to 
reside in the interaction area. This 
previously-stimulated gas, which was not in its 
ground vibrational state, accounted for the drop-off 
from linearity in measured energy noted in Figure 3. 
In further embodiments, the cross flow circulation 
system is preferably of a capacity to provide a 
cross-flow of gas between pulses which is greater 
than the interaction width by an amount greater than 
the characteristic interpulse thermal diffusion 
distance of the gaseous medium. For the above 
described optical configuration and cell dimensions, 
a cross-flow velocity of 500-1000 cm./sec. should be 
adequate for repetition rates up to three kiloherz. 
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described above, the invention achieves a 
substantisiUy shifted wavelength from that of a solid 
state pump laser in a fluid Raman scattering cell at 
a power commensurate with that of the pump laser. 
The substantially lowered Raman lasing threshhold 
allows for the first time the practical application 
Of large Raman shifts to a class of low power solid 
state lasers, and the provision of surgically 
eff^tive power levels into fiber-compatible delivery 
systems . 

Miile the output coupling of the two laser 
colors into the fiber has been described in terms of 
the use of partially reflective mirrors, other output 
coupling schemes, including polarization control, and 
filtering^ of the output light, may be employed in the 
described laser source to vary the light of each 
wavelength which is coupled into the fiber 2. one 
such means is the substitution for mirror M3 of a 
pieisb-^e^ctrically controlled interference filter, 
^^^^ ^ tBhxy-Peiot interferometer, as an output 
coupiier with variable reflectivity at the pump 
wavelength. Such variable reflectivity is achievable 
by varying- the ftap between two optical flats each 
having proper reflectivity coatings at the pump 
wavelength. The reflectivity for the Stokes 
wavelength is maintained at an optimal value. By 
varying the gap of the Fabry-Perot interferometer, 
the output. is then made to vary from mostly Stokes to 
mostis;.punrp outputs. With high output coupling at 
the ptunp^ wavelength, no Stokes beam will be 
generated, while low output coupling at the pump 
wavelength will yield mostly Stokes output. 
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It will be understood that while the 
prototype embodiment was implemented with a Nd;YAG 
pump laser and gaseous hydrogen Raman cell to produce 
laser power at 1.06 microns and 1.9 microns adapted 
to fiber optic transmission and wavelengths having 
different surgical properties, other pump and Raman 
lasers are contemplated to achieve different 
operative wavelengths in systems according to the 
invention, in other embodiments, the teachings of 
the invention may be advantageously applied to other 
Raman-active media, including D2, NjO, CO2, SFg, NO, 
CO, HBr, N2 and others. 



The invention being thus disclosed and 
described in connection with the illustrated 
embodiments, variations and modifications thereof 
will occur to those skilled in the art, and are 
intended to be included within the scope of the 
invention, as defined by the claims appended hereto. 

What is claimed is: 
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1. A laser surgical apparatus comprising 

a solid state pump laser located in a laser 
cavity defined by reflective end mirrors 

an intracavity gas-filled Raman cell located 
in an optical focusing feedback path of said solid 
state pump laser for generating in a focal region of 
said path, a stimulated Raman scattered laser beam of 
frequency Offset from that of the pump laser 

an optical fiber guide for guiding light to 
a Burgica 1 probe 

output coupling means for selectively 
coupling laser light from said cavity into the 
optical fiber guide in differing relative proportions 
of pump laser light and Raman laser light, and 

a surgical probe which receives light from 
the optical fiber guide and applies light therefrom 
to tissue, said pump laser and said Raman cell each 
prdducsing light of differing tissue absorption 
properties^so that said output coupling means is 
bperkive to selectively adjust the relative ablative 
and eoagulative properties of the light applied by 
the probe, and 

means for providing a cross flow of gas in 
said Raman cell effective to overcome thermal lensing 
in ^^id ^ocal region. 

2. , A laser surgical apparatus according to 
claiaa i, further comprising drive means for driving 
said Raman' ceil with said pump laser at a high pulse 
repetition rate while controlling fluid environment 
to maintain a substantially uniform Raman conversion 
efficiency. ^ 
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3. A laser surgical apparatus accorfling to 
claim 2, wherein said pump laser is a Nd:YAG laser 
and said Raman cell is filled with hydrogen. 

4. A laser surgical apparatus according to 
claim 3, wherein said Raman cell is operated at a 
pressure of approximately ten atmospheres. 

5. A laser source for a surgical probe, such 
laser source comprising 

a solid state pump laser having a first 
characteristic lasing frequency fQ, said pump laser 
being located in a cavity defined by reflective end 
mirror surfaces 

a Raman cell containing a Raman scattering 
fluid medium and located within an optical feedback 
path of said pump laser within said cavity, said 
Raman cell being characterized by stimulated Raman 
scattering at a second characteristic frequency f, 
offset from fg 

focusing means for tightly focusing light 
from said pump laser within a central focal region of 
said Raman cell 

cross flow means for providing a flow of 
said Raman scattering medium across said central 
focal region at a rate effective to overcome thermal 
lensing effects as said pump laser is operated, and 

output means for selectively coupling 
varying amounts of laser light of frequency f^ and fo 
from said cavity to a fiber to guide the laser light 
to a surgical implement. 
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said cross flow means being effective to 
permit sustained stimulated Raman scattering in said 
cell upon repetitive excitation pulsing by said pump 
laser at an average power greater than one watt. 

6 . A laser source for generating a laser output 

beam, suc^ source comprising 

a laser cavity defined by reflective end 

sur fences 

a pump laser operated to produce laser 
pulses at f reijuency f q and with an average power 
abdvfe several Watts 

a gas-filled Raman cell located in said 
cavity in an optical path of said pump laser and 
having a characteristic stimulated Raman scattering 
frequency fj substantially different from fg, and 

means fo-r driving said Raman cell with said 
pump laser to produce an output beam of frequency f^ 
at a power level over approximately twenty-five 
percent of the pump laser average power level, said 
meanEf for driving including 

i) focusing means for tightly focusing the 
pump laser light into a focal region within said 
Rama^ cell effective to induce Stokes emission at 
said frequency fj, and 

ii) cross flow means for providing a cross 
flow of gas in said focal region effective to 
overcome tJ^ermal lensing. 

• . , A laset^ source according to claim 6, wherein 
the Hteans for driving includes means for applying 
pump laser pulses into a region of said Raman cell at 
a pulse repetition rate over 300 sec.-l while 
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providing a cross flow within the cell at a rate 
sufficient to maintain Raman scattering efficiency in 
the central region. 

8. A laser source according to claim 1, further 

including means for focusing light to a level 
effective to maintain a stimulated Raman laser 
scattering process within said central region of the 
cell. 



9. A laser source according to claim 6, further 
including means for providing a flow of Raman 
stimulatable medium across the axis of said cell at a 
rate effective to prevent thermal lensing effects. 

10. A laser source according to claim 9, wherein 
the flow is provided at a rate such that between 
consecutive pulses of the pump laser the Raman medium 
m the central region is displaced further than the 
diameter of the central region plus a characteristic 
diffusion distance of the Raman medium. 

11. A laser source according to claim 6, further 
including output control means for varying the 
amounts of fQ and fi light coupled as an output from 
the cavity. 



12. A laser source according to claim 7, wherein 

the means for applying pump laser pulses applies 
pulses having a duration which is long compared to 
the transit time of the Raman cell. 
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13. ; laser source according to 7, wherein said 
pump laser is a Q-switched YAG laser. 

14. A laser source according to claim 13, 
wherein said Raman cell is a hydrogen-filled Raman 
cell operated to produce a visible coherent 
anti-Stokes Raman scattering (CARS) beam for 
targeting or observation of a surgical probe. 

15. A surgical laser source comprising 

i) a solid state pump laser emitting 
light at a first characteristic lasing wavelength \q 

ii) a Raman cell having a Raman 
scattering medium with characteristic stimulated 
Raman scattering at a second wavelength Xi 

subs t ant istlly shifted from Xq 

iii) means for providing a flow of said 
medimu across a focal region of an optical path 
through said Raman cell at a rate effective to 
overcome thermal lensing in said focal region, 

iv) means for driving said Raman cell 
with said pump laser along the optical path to 
stimulate emission of light at wavelength in said 
focal region at a repetition rate effective to 
provide a power level corresponding to the power 
level of the pump laser, and 

v) means for coupling light of at 
least one of the wavelengths Xq and Xi from the 
source into a fiber for connection to a laser 
surgical probe, said means for coupling being 
operative to select the amount of light coupled into 
the fiber, and each said wavelength having a 
different tissue absorption or penetration 
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Characteristic such that the relative cutting and 
coagulating properties of said probe are varied by 
said means for coupling. 



IS. A surgical laser source according to claim 

15, wherein both of said wavelengths Xq and Xi are 
transmitted by an optical fiber waveguide, and 
further comprising an optical fiber waveguide coupled 
to said means for coupling. 

17. A method of providing a surgical laser, such 

method comprising the steps of 

providing a solid state pump laser having an 
average power level of at least several watts at a 
first wavelength Xq, 

focusing a feedback path of said pump laser 
into a focal region within an intracavity fluid Raman 
cell having a Raman scattering wavelength Xi 
substantially shifted from Xq 

driving said pump laser in a pulsed mode to 
achieve Raman laser emission from said cell at 
wavelength Xi while providing a cross flow of fluid 
in said focal region effective to overcome thermal 
lensing and achieve a Raman laser power which is a 
substantially linear function of pump pulse rate, 
wherein said step of driving includes driving at a 
sufficiently high pulse repetition rate to achieve a 
Xi power level suitable for surgery, and 

coupling a selected proportion of laser 
light from said feedback path into a fiber waveguide 
for delivery to a surgical probe. 
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18. The Jaethod of claim 17, wherein the step of 
coupling includes coupling different non-zero 
proportions of light of wavelength Xq and of 
wavelength Xj- 

19. A surgical laser system comprising 

a punqo laser with a laser output at a first 
wavelength \q and a pulse rate of p >100 pulses per 
second/ 

a fluid-filled Raman cell arranged in a 
fbc^ed optical feedback path with said pump laser to 
produce light at a different wavelength Xi in a focal 
region within said Raman cell, 

means for recirculating a Raman fluid medium 
through said Raman cell across said focal region at a 
vSpe^ greater than the heat diffusion length of said 
fluid Bfiedibm multiplied by p, 

. loeans for driving said pump laser at a power 
effective to surgically treat body tissue, and 

means for coupling a desired proportion of 
light from said pump laser and said Raman cell into 
an optical waveguide for surgical application to body 
tissue. . 

• V. A laser source comprising 

a- saiid state pump laser providing a pulsed 
multimode beam at a first wavelength Xq having the 
, TEMqq mode as a minor component 

a fluid filled Raman cell arranged in a 
fbcnised optical feedback path with said pump laser to 
produce a Stokes beam at a shifted wavelength Xj in a 
focal region within said Raman cell. 
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means for overcoming thermal lensing in said 
focal region such that the Stokes beam power is a 
substantially linear function of pulse rate of said 
pump laser and the Stokes beam has the TEMqo mode as 
a substantial component, and 

means for coupling the Stokes beam to an 
output thereby providing a beam of improved quality 
suitable for fiber optic delivery as an output beam. 

21. A laser source according to claim 20, 
further comprising an optical fiber waveguide, and 
wherein said means for coupling couples the output 
beam into said waveguide. 

22. A laser source according to claim 20, 
wherein said pump laser is a Nd laser and said Raman 
cell is a hydrogen cell, producing Xq and Xi of 1.06 
microns and 1.9 microns, respectively. 

23. A laser source according to claim 20, 
wherein the output beam has greater absolute power in 
the TEMoo mode than has the pump laser. 
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